JOHN YUDKIN
'951 EXPERIMENTAL Iletailsof subjects. It is usual for the postgraduate dietetic students at this College to determine their own dietary intakes for I week. During the session 1948-9, the five students of that year and one of the members of the staff were asked to keep records of their dietary intakes for 4 consecutive weeks. Two of the students measured their intakes for a further week after a short interval. All of the subjects were women.
One of them (subject no. 6) was in the 5th month of her first pregnancy. Table I shows the periods during which the food consumption was measured and also gives some personal data of the subjects. None of them had any illnesses during these periods; it might also be stated at once that there was no obvious relationship between food consumption and menstruation. Food consumed and caIcuZution of nutrients. All of the subjects ate 'elevenses', lunch and tea at the College from Monday to Friday, and the remaining meals at their homes or lodgings or a students' hostel. It was thus possible to ascertain the composition of most made-up dishes and calculate the amounts of nutrients therein from the ingredients. The food consumed was weighed by each subject herself.
Three of the subjects took daily supplementary amounts of nutrients as follows.
Subject no. 2: vitamin A 500 i.u., vitamin D 1400 i.u., calcium 325 mg. Subject no. 3: vitamin A 4500 i.u., vitamin B, 0.15 mg., riboflavin 0.05 mg., vitamin C 10 mg., vitamin D 600 i.u. Subject no. 6 : vitamin A 4000 i.u., vitamin D 800 i.u., calcium
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Variation in dietary surveys '79 also indicate the recommended allowances suggested by the British Medical Association (1950) and by the (U.S.A.) National Research Council (1948). These will be referred to as the allowances of the B.M.A. and X.R.C.
Since subject no. 6 was about half-way through her pregnancy during the measurement of her intake, her allowances have been taken as the mean of those for the first half and for the second half of pregnancy.
In order to give a truer picture of the nutrients contained in the diets as consumed, the supplementary nutrients, taken by subjects nos. 2,3 and 6, have not been included in the results given nor considered in the discussion thereon.
RESULTS

Variation in weekly intake
The variations in intake between subjects, and the variations from week to week in the same subjects, are given in Figs. 1-4. It will be seen that the extent of the weekly variation differs from subject to subject and also from nutrient to nutrient. It is least with calories, where the difference between the highest and lowest intake of an individual is from 2 to 68 % ; it is most with vitamin D, where the difference is from 250 to 650 yo.
Some special points about individual nutrients are worth noting. Calories. The recommended allowances of calories for the five students have been taken as those for 'light work and travelling' (2250 Cal., B.M.A.) or for 'moderately active women' (2400 Cal., N.R.C.). Throughout the 4 weeks, the intake of calories by subject no. 5 was appreciably lower than the recommended allowances and those by subjects nos. 2 and 4 slightly lower.
The contributions made by protein, fat and carbohydrates to the total caloric intake are shown in Table 2 Protein. Since it is held that, for reasons concerned more with the presence of associated factors than with its content of essential amino-acids, protein from animal sources is nutritionally superior to protein from vegetable sources, a summary is given of the proportion of the total protein derived from animal foods ( Table 3 ). In addition, a calculation has been made of the proportion of the calories supplied by the protein, since it has been suggested that an adequate intake of protein is one which in normal https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19510024
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adults supplies I I % of the calories or which, in pregnant women, supplies 14 yo of the calories (British Medical Association, 1950) .
In four of the five students, the proportion supplied from animal foods was between 350- no. 6 also had a high proportion of animal protein (66 yo) in her diet; her milk consumption was higher than that of any other subject, 0-49 1. daily. The proportion of calories supplied by protein was near enough to the suggested allowances of 14 for the pregnant subject; for the other subjects, it was well above the suggested I I yo (12.3-16.8 "/). Calcium. As with protein, the intake of calcium of subject no. 5, in spite of her low consumption of food in general, was as good as that of the other students because of her high intake of milk. Again, the highest intake of calcium was that of subject no. 6 whose diet contained the highest amounts of milk. No allowance has been made for calcium supplied from tap water, which in London VOl. 5
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Variation in dietary surveys 183 would increase the intake by about 0 1 g. (Widdowson & McCance, 1943) . ' This would bring the average +-weekly intake of the five students well above the B.M.A. standard but still below the N.R.C. standard. Vitamin A. It is now known that there is appreciable variation in the vitamin A activity of carotene, depending both on the subject consuming it and on the food 
Fig. 2 ( c a t : )
from which it comes. A reasonable estimate, however, is given if it is assumed that 3 i.u. carotene are equal in potency to I i.u. of preformed vitamin A. T h i s assumption has been made in the calculations herein reported.
The chief sources of vitamin A in the weeks of high consumption were liver and carrots. For example, one helping of 152 g. liver in the 3rd week gave subject no. z about 33,000i.u. vitamin A, an average of about 47ooi.u. daily. Four helpings of 287 g. carrots in the 2nd week gave subject no. 4 about 60,000 i.u. carotene Without these two rich sources of the preformed vitamin or of carotene, the intake would have varied much less from week to week (Table 4) The average mixed western diet is said to contain two-thirds of its vitamin A as carotene. On the assumption that carotene has one-third the potency of the preformed vitamin, this would mean that it constitutes 40 yo of the total dietary vitamin A. The actual value varies from 30 to 50 yo ( Table 5 ).
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Riboflavin. The average daily intake of subject no. 6, 1-88 mg., was higher than that of any of the other subjects and, like her intake of calcium, was to a large extentidue 100m- vitamin D, this potent source is fatty fish such as herrings, salmon or sardines. If the contribution of vitamin D from this source is deducted, the weekly intake varies much less (Table 6 ). The highest weekly average of each subject is then between 43 and 233 yo greater than the lowest, compared with between 233 and 664 "/o when the vitamin D from fish is included. The difference between the subjects, from 12 to 72 i.u. daily over the 4 weeks, is now chiefly due to differences in the amount of margarine eaten. Over the 4-weekly period, margarine gave an average daiiy intake between 45 i.u. (subject no. 6) and 0.5 i.u. (subject no. 5 ) ; excluding fish and margarine, the diet supplied between 12 and 27 i.u. daily.
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DISCUSSION
Accuracy of determination of nutrients
Satisfactory assessment of the nutrients usually consumed by a person depends both on the accuracy of the determination of intakes and on a period of observation necessary to give a representative picture of the dietary pattern. In methods involving the use of food tables, there are two possible sources of error: firstly, errors may occur in the measurement of the amount of foods consumed and, secondly, there may be differences between the actual intake of nutrients and that calculated from food tables.
It is possible to imagine that, unless these errors give results that are consistently too high or too low, the two factors of accuracy of method and period of observation might tend to cancel out, and an intake measured over a longer period would not only give a better assessment of the food normally consumed but more accurate values for the nutrients in the foods.
The extent to which the use of food tables gives results different from those of actual analysis has been investigated by several workers. Widdowson & McCance (1943) concluded that the results obtained by weighing intakes and calculating from food tables were i n good agreement with those obtained by analysis for protein, fat, potassium, magnesium and phosphorus, but too low for calcium and iron. Both of the latter are added to the food during cooking, the former from hard water and the latter from the use of iron cooking utensils. Still more calcium can be consumed in the water itself. The results of Widdowson & McCance would imply that food tables can be legitimately used to assess nutrient intakes, provided it is recognized that the values calculated for calcium and iron are minimal.
More recently , Bransby et al. (1948 a, b) found that weighing the food and calcula-
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tion from food tables gave average values for groups of subjects in quite good agreement with chemical analyses for protein, fat, carbohydrate and calcium, but too low for iron. For individual diets, however, they found appreciable differences between the two methods. These workers studied intakes for a period of 3 days; the fact that the two methods gave better agreement for groups of persons than for individuals indicates that the errors involved in the method of weighing and using food tables tend to cancel out. This supports the suggestion that accuracy is increased for individual intakes when more results are obtained in a more prolonged period of study. The question then arises as to how much the differences in nutrient intakes revealed in the present study are due to inaccuracies of method. Sources of error in determining food consumption were probably as low as can be achieved. All of the subjects, who weighed their own food, were graduates in science and specializing in dietetics; they were, therefore, not only used to accurate weighing but appreciated the need for this and for accurate recording. Any questions as to method that arose during the survey were answered at once. In addition, since they were able to obtain the detailed recipes for most made-up dishes, it was possible to calculate the nutrients in these more accurately than from tables for 'composite dishes'.
The second source of error, the difference in composition between food consumed and food listed in the tables, could only have been checked by chemical analyses. The results of other workers (quoted above) suggest that the present results, which refer to individual diets, almost certainly do not give an exact record of the quantities of nutrients consumed. It is, moreover, likely that the error is greatest where one nutrient is supplied in large amount by one or two potent sources consumed irregularly, for example vitamin A from liver. Here the variation in composition of different samples of liver is wide and the figure in the food tables is an average value, so that it is quite possible that the amount of vitamin A actually consumed was appreciably different.
These comments are concerned chiefly with the absolute values of nutrients determined from food tables. They would apply less to relative values, for example the comparison of intakes in different weeks by the same or different persons. It is reasonable to assume that the differences (either between subjects or periods) revealed in this study are real within moderate limits. The subjects consumed much of their food in the College, and their diets, over the 4 consecutive weeks studied, were not influenced by seasonal variation in the composition of foods.
In the discussion which follows, therefore, it will be assumed that, whereas the absolute intakes of nutrients may not be exact, the relative intakes as between subjects, and as between different periods for the same subject, are reasonably correct.
Variations in weekly intake
Calories. One of the interesting features of the intake of calories is the difference in the extent of variation between the subjects. The intake of subject no. 6 was almost constant, whereas that of subject no. 5 in the 1st week was 68 yo more than that in the last week. One would like to know whether the degree of variation is the same for any one subject, or whether it changes; in a different study, for example, would it be found that subject no. 5 again showed a variation of the same degree, or might she this time have a more constant intake, whereas subject no. 6 varied more?
That there is such a large difference in the intake of calories with some subjects is, Widdowson in support of this conclusion, shows that, of eight children studied for 4 weeks, the calories in the week of highest consumption were from 9 to 34 % more than in the week of lowest consumption. In three of these eight children the difference was at least 28 yo. It is difficult to reconcile these results with Widdowson's statement that 'a fair estimate of a person's intake (of calories) is obtained from a study lasting for I week'.
The fact that one person's intake of calories may be greater by 50 yo or more in one
week than in another makes it easier to understand one of the most puzzling results of Widdowson's study of individual children's diets. In each of the age groups she studied, she found one child who had twice as many calories as another. The explanation for this which first comes to mind is a difference in requirements due to a difference in size (and hence in basal metabolism), a difference in activity and a difference in rate of growth. T o these must be added.possible errors in technique. Although the greatest care was taken to instruct the child or mother in weighing and recording food intakes, it is possible that the accuracy of the measurements was less than, say, the accuracy of the subjects of the present survey. Again, there is the error already discussed derived from the use of food tables. Nevertheless, Widdowson's results were still difficult to understand, for it seemed unlikely that all of these factors could account for one child consuming twice as much food as another of the same age. Now, however, that we have seen how great can be the variation in one subject from week to week, it is quite possible to explain most, if not all, of this difference.
Of the subjects of the present study, subjects nos. I and 3 had much the same average intake of calories over the whole 4-week period; yet even if they never varied more than they did during this period, subject no. I might easily consume 25 yo more calories than subject no. 3 in one week and 30 yo fewer calories in another week.
Again, subject no. 5 , whose average intake of calories in 4 weeks was indeed lower than that of subject no. 4, might nevertheless in one week have had the same intake and in another week less than half that of subject no. 4. In general, therefore, it seems justifiable to conclude that chance variation alone can account for one person's intake of calories for a week being 50 % or more greater than another person's intake. Such differences, together with differences in requirements and unavoidable errors due to technique, would together go a long way to explain how one child could in a week eat twice as much food as another child of the same age.
Protein, fat and carbohydrate. The weekly variation of these dietary components was VOl. 5
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191 similar, and one may conclude that, in one week, a person might well consume 50 yo more of each of them than in another week. Since there are no recommended allowances for carbohydrate and fat, variation in intake of these components need not be discussed. The situation, however, is different in respect of protein, for which standards of requirements have been laid down. A variation in weekly intake of the order found in these subjects may well mean that a diet studied for only I week might suggest a deficiency of protein in persons who usually consume adequate amounts. This applied, for example, to subject no. 2, whose average daily intake was 56 g. in I week but 65 g. over 4 weeks.
Calcium and iron. The actual amounts of these elements consumed by the subjects are likely, as we have seen, to be higher than the calculated amounts. A moderate increase in calcium will occur because of its presence in water, and an appreciable increase in iron might occur because of its being added to the diet from iron utensils. It is not possible to know how much these additions would affect the amounts consumed or the variation from week to week, but is is likely that the variations would be at least of the same order. With each element, therefore, it is quite possible for one week's record of dietary intake to give a value 50 yo more than another week's. Once again this may well mean that a person is judged as having an inadequate supply of an essential nutrient when, over a longer period, the supply is in fact adequate.
Vitamins. Least variation is found with vitamins of the B group, but it is sufficient to lead to error in assessing dietary adequacies. Vitamin C varies more, and a week's intake is certainly not sufficient to give an indication of the usual intake. T h i s is quite apart from the fact that, in Britain, there is an appreciable seasonal variation as the availability of vegetables and fruits changes.
The greatest variation was found with vitamins A and D. In both instances, this was due to the consumption, at relatively long and irregular intervals, of exceptionally potent sources of one or the other of these vitamins.
The results for vitamin A make it necessary to reconsider the conclusions drawn in an earlier study (Doraiswami & Yudkin, 1948) . This reported the relationship between dietary vitamin A and dark adaptation. Dietary intakes were measured as in the present investigation, by postgraduate students weighing their food for I week and calculating nutrients from food tables. It was found that, out of eleven students investigated, only those three whose average daily intake was below 2500i.u. had a 'vitamin A-labile' dark adaptation. Since it has now been shown that a week's study may give quite unrepresentative values for the intake of vitamin A, this pleasing correlation between dietary vitamin A and deficiency-as shown by impaired dark adaptation-must be considered fortuitous.
Relation of intake to recommended allowances
Cuhks. The position of calories in relation to recommended allowances is different from that of the nutrients. With the latter, an amount above the minimal requirement is recommended so as to provide a margin of safety; excess is either stored, metabolized or excreted. The intake of calories should exactly match requirement, since excess must lead to increase in weight. Suggested allowances for calories, therefore, even more than those for nutrients, are to be considered as average and not as absolute values for every individual.
Some guide as to whether a person's intake of calories matches his requirements is provided by the basal metabolic rate. With persons of similar activity, such as those in this investigation, one would expect that the calories provided by the diets would be to about the same extent above those needed for basal metabolism. The basal metabolism for the six subjects of this study has been calculated from their height and weight (Table 7) . Results show that, in four of the subjects, the average intake of calories was greater than the calculated basal metabolism by 50 % or more. Although the calculated basal metabolism may have been different from that obtained by direct estimation, the smaller difference in subject no.'q, and the much smaller difference in subject no. 5 , suggest strongly that even the 4 weeks' average intake was, for these two subjects, probably lower than their usual intake. It is especially difficult to imagine how subject no. 5 could continue for long with an intake of energy only a trifle' more than she needed for basal metabolism. It is unfortunate that the subjects were not weighed at the beginning and at the end of the study, for one would have expected subjects nos. 4 and 5 to have lost weight during the survey. The only information available is that subject no. 5 , an Indian girl, lost about 10 lb. in weight during the first 6 months of her stay in England. This period began in September 1948 and so included the period of the survey. It might again be mentioned, however, that both subjects nos. 4 and 5 were subjectively well during the period of study.
Nutrients.
Although for reasons discussed earlier we cannot accept with complete confidence the absolute figures of intake of nutrients, it is nevertheless worth briefly commenting on the relation between these and the recommended allowances.
Let us assume that the average intake over the 4 weeks is reasonably representative of the usual intake of the subjects (with reservations, as indicated, for subjects nos. 4 and 5). The results show that, apart from subject no. 5 and in one instance subject no. 6, all the subjects had an intake of protein, iron, vitamins A, B, and C, and nicotinic acid approaching or exceeding the B.M.A. standards. The intakes of calcium and riboflavin, however, were below the B.M.A. standards. As regards calcium, the discrepancy was small and was no doubt made up by calcium from water. Since, for many nutrients, the N.R.C. standards are higher than the B.M.A. standards-somehttps://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19510024
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times much higher-most of the subjects were moderately or considerably below the N.R.C. standards for calcium, vitamins B, and C, riboflavin and nicotinic acid. As the subjects were getting many of their meals at the College, they obtained their full rations in addition. They also had more than the usual knowledge of nutrition and food values, so that it is likely that their diets compared favourably with those of the general population. The fact that, in spite of this, the intakes of most or all of them fell so far short of the N.R.C. recommendations for several nutrients lends support to the opinion already commonly held in this country that these recommendations are unnecessarily high. We conclude, therefore, that the problem of relating intake to requirement is much more difficult than is usually admitted. We have first the fact that it is not possible to know with any exactitude the requirements for the nutrients of any one person (Yudkin, 1948) . It is now also clear that the accurate assessment of a person's representative dietary intake not only involves laborious techniques if serious error is to be avoided, but also a prolonged period of study because of variations in food consumption. SUMMARY I. The diets consumed by six young women have been studied for 4 consecutive weeks and, in two instances, for a further week after a short interval. The diets were weighed by each subject and the calories and nutrients in them calculated from food tables.
2. The weekly intake of calories and nutrients showed considerable variation. The extent of the variation differed with the different dietary components and with the different subjects. For example, in the week of highest intake, one subject took 2 % more calories than in the week of lowest intake, whereas another took 68 % more calories. With vitamin A, the values in the highest week were frbm two to five times as much as those in the lowest week. 3. It is thus possible for a person to have an intake of any of the dietary components which is apparently adequate in one week and inadequate in another.
4.
It is concluded that a dietary survey extending over 7 days cannot be considered to give a sufficiently accurate assessment of the average intake of calories or nutrients by an individual. I am indebted to Messrs Allen and Hanburys Ltd., The British Drug Houses Ltd., and Messrs H. W. Carter and Co. for grants towards the expenses of this work. My thanks are also due to the subjects of this study for their co-operation, and to Mrs B. Winstanley for aid in the dietary calculations.
